1. Introduction {#sec1}
===============

Colon and rectal cancers have many features in common, including risk factors, symptoms, and screening procedure; however, anatomical, clinical-pathological, and genetic diversities call for them to be considered as two different diseases often requiring different forms of treatment \[[@B1]--[@B4]\]. The oncological outcomes of rectal cancer surgery are usually worse than those of colon cancer; one reason for this is the higher local recurrence rate after curative resection \[[@B5]\]. The advent of total mesorectal excision (TME) as an addition to radical resection (RS) has strongly decreased the risk of local recurrence; in spite of this favourable outcome following RS, there is a high rate of severe complications and of abdominoperineal resections (APRs) with permanent colostomy. Local Excision (LE), more recently flanked by Transanal Endoscopic Microsurgery (TEM), has been proposed as an option for patients with early rectal carcinoma in whom radical surgery and its complications may be avoided, as well as for high-risk patients not suitable for administration of general anesthesia. Nevertheless, reported oncological outcomes following local excision techniques (LETs) in rectal cancer are often unsatisfactory. Local recurrence rates after LET for T1 and T2 tumours can range from 6.6% to 18% and from 17% to 67% \[[@B6]--[@B11]\], respectively \[[@B3]--[@B7]\]. Bentrem et al. found that patients with T1 rectal cancer treated by local excision have a threefold to fivefold higher risk of tumour recurrence than those treated by radical resection \[[@B12]\]. The reasons for these disappointing results can be attributed mostly to the high risk of the disease\'s diffusion to locoregional lymph nodes even in ESRC, for which LET cannot provide radical treatment. In this context it is clear that indications for the use of LET in ESRC should ideally consider all those clinical-pathological features that may reduce the risk of lymph node metastasis to zero. In this study risk factors for lymph node metastasis in ESRC were analysed through a systematic literature review together with a meta-analysis of the data retrieved.

2. Materials and Methods {#sec2}
========================

2.1. Data Sources {#sec2.1}
-----------------

Computerized search for mesh terms indicating risk factors for lymph node metastasis in rectal cancer up to December 2010 on Pubmed, Pubmed Central, OvidSP, BioMed Central, Chinal, Cochrane Library, Embase, SUMSearch, American College of Physicians (ACP) Journal Club, the most important Web Search Engines (Google, Google scholar, Yahoo, Lycos), grey literature, and references cited in the works selected.

A total of 136 studies were identified by the searches. By scanning titles and abstracts, 63 redundant publications, reviews, case reports, and editorials were excluded. After referring to full texts, 65 studies which did not satisfy the inclusion/exclusion criteria were removed from consideration. A total of 8 studies were left for analysis, involving a total of 1560 patients ([Figure 1](#fig1){ref-type="fig"}) \[[@B5], [@B13]--[@B19]\]. All 8 works were retrospective case studies of T1/T2 primary rectal cancer treated with RS and TME, ranging from 2++ to 2− according to the SIGN classification for grading evidence (Scottish Intercollegiate Guidelines Network) \[[@B13]\]. Unfortunately the objective of the work did not allow for other study designs apart from the analysis of retrospective studies. The inclusion and exclusion criteria are shown in [Table 1](#tab1){ref-type="table"}.

Finally, the quantitative and qualitative data of 1560 patients were extracted from the works selected and reported in a cumulative data form. Variables collected for each patient included gender, age, tumour size, tumour grading, depth of tumour invasion, presence of lymphatic invasion, presence of vascular invasion, presence of perineural invasion, and tumour budding.

2.2. Statistical Analysis {#sec2.2}
-------------------------

Statistical analysis was carried out using Meta-DiSc (version 1.4). Study-specific ORs with corresponding 95% confidence intervals (CIs) for different clinical and pathological features (dichotomous variables) versus loco-regional lymph node positivity/negativity were extracted. The overall effect was tested using *χ*^2^ with Yates correction or by Fisher\'s exact test (with significance being set at *P*-value ≤0.05). Meta-analysis was performed using fixed-effects (FEs) or random-effects (REs) models, depending on absence or presence of significant heterogeneity. Cochran-Q and Higgins *I*^2^ statistics were used to check heterogeneity not only among studies but also between the subgroups included in this meta-analysis \[[@B14]\]. For the Cochran-Q statistic, *P*-value ≤0.10 indicated statistically significant heterogeneity. We defined statistical significance as *P*-value ≤0.10 rather than the conventional level of 0.05 because of the low power of this test \[[@B32]\]. *I*^2^-values lie between 0% (no observed heterogeneity) and 100% (maximal heterogeneity); thus, an *I*^2^-value greater than 50% may be considered to represent substantial heterogeneity \[[@B15]\]. In the absence of statistically significant heterogeneity, the fixed-effect method was used to combine the results. When heterogeneity was confirmed, the random-effect method was used.

3. Results {#sec3}
==========

In our meta-analysis the rate of lymph node metastasis in ESRC is very high: about 10.53% for pT1 and 23.6% for pT2 cancers. Only two studies analysed gender as a prognostic factor for loco-regional lymph node metastasis (LNM), although the cumulative number of patients was quite substantial (870). Statistical heterogeneity between these studies was tested with Cochran-Q statistic (*P*-value =0.13, not significant) and with *I*^2^ (*I*^2^ = 55%, significant for presence of heterogeneity) ([Figure 2](#fig2){ref-type="fig"}). These contradictory results indicated that both fixed-and random-effect methods are useful to combine the results. In the first case the pooled OR for males vesus females in LNM was 0.66 (0.49--0.90), with a *P*-value of 0.0197, thus indicating a trend on the part of the female gender towards lymphatic spreading of the tumour. On the contrary, using a random-effect method, the pooled ORs for males versus females was 0.65 (0.33--1.29), with a *P*-value of 0.17; even though the OR was not statistically significant, it displays a comparable trend. Moderate/high tumour grading and vascular invasion were analysed in five studies resulting in a strong association with the presence of LNM; pooled OR were 0.40 and 0.46 respectively, with *P*-values of 0.000 for both (Figures [4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}). A relevant association with LNM was also found for lymphatic invasion (pooled OR 0.26; *P*-value 0,000) ([Figure 6](#fig6){ref-type="fig"}). Depth of tumour invasion also proved to be an important prognostic factor for LNM. T1 versus T2 stages were examined in all selected studies with a much clearer trend of T2 stages towards nodal involvement (pooled OR 0.44; *P*-value 0.000) ([Figure 3](#fig3){ref-type="fig"}). Other tumour variables such as tumour size, tumour budding, perineural invasion, depth of tumour invasion within the submucosal layer (Sm 1, 2, and 3), and distance from the dentate line were investigated either only in a single study or using heterogeneous parameters, thus preventing a reliable meta-analysis.

4. Discussion {#sec4}
=============

Although colon cancer and rectal cancer share many features, there are important clinical-pathological and genetic differences between these two diseases, including in particular the tendency for rectal cancer, but not colon cancer, to recur locally; according to the majority of authors, this tendency towards local recurrence is a consequence of the tumour spreading through the *lymph* vessels. It has been clearly demonstrated that nodal involvement leads to an increased risk of local recurrence, overall survival, and disease-free survival \[[@B16]--[@B19], [@B20], [@B21]\]. In our meta-analysis the rate of lymph node metastasis in ESRC is very high: approximately 10.53% for pT1 and 23.6% for pT2 cancers. These outcomes stress how LET alone should not be considered as a radical oncological treatment in such a high subset of patients, unless future improvements in preoperative staging lead to the unequivocal identification of patients with nodal involvement. Unfortunately at present precise local tumour staging of rectal cancer is only possible after a surgical resection. The published literature shows that MR and US imaging, with an accuracy that does not exceed 70%, are not reliable enough to identify nodal involvement \[[@B32], [@B29]--[@B31]\]. A possible explanation for this trend is the frequent likelihood of metastasis of small lymph nodes (smaller than 5 mm), which are difficult to detect even by highly experienced radiologists. In a recent study of 101 cases of rectal cancer 45.3% of the metastatic lymph nodes were Smaller than 5 millimetres in diameter; hence, a possibility of undetected nodal involvement even in T1 tumours does exist \[[@B29]\]. More recently MR supplemented with specific i.v. contrast medium (USPIO) was proposed by some authors as an alternative imaging technique offering high sensitivity and specificity in the identification of involved mesorectal lymph nodes. In the paper of Dow-Mu Koh based on 25 patients with rectal cancer the use of MR with USPIO resulted in an average sensitivity of 65%; specificity, 93%; positive predictive value, 43%; negative predictive value, 97%. The authors concluded that the use of MR with USPIO enhancement can achieve higher diagnostic specificity than but the same sensitivity as morphologic findings in pathologically matched mesorectal lymph nodes. Unfortunately given the shortage of trials addressing the outcomes of this amazing technique, its role in clinical practice still needs to be investigated in further studies. The sentinel lymph node technique has been more recently proposed by some authors as a means of evaluating loco-regional lymph node status; although interesting and promising, this technique is at present under development and has not yet been validated by scientific evidence \[[@B34], [@B35]\]. In the absence of a reliable technique to detect nodal involvement before surgery, research efforts are at present directed towards the identification of standard pathological variables capable of identifying tumours at risk of lymphatic spreading. Detecting a subset of patients who are likely to have LNM and who would possibly benefit from adjuvant therapies, abdominoperineal resection, or both would be of primary importance in the treatment of patients initially treated by local excision. Prior studies by other investigators have dealt with this issue through multivariate analysis of casistics of colorectal cancers operated on by radical surgery. Unfortunately these studies rarely discriminate colonic cancers from rectal cancers in their design. This differentiation is mandatory in our opinion, given the above-mentioned distinctions between these two diseases. To our knowledge, there are no systematic literature reviews with meta-analysis focused on risk factors for LNM exclusively in rectal cancer that deal with this problem. It is important to acknowledge the limitations of the present study: the retrospective nature and the restricted number of available studies investigating clinical-pathological tumour features could challenge our conclusions, but it must be said that the nature of this study per se does not permit any other kind of analysis than the retrospective investigation of rectal cancer specimens. Furthermore, in order to reduce selection biases, we followed rigorous exclusion criteria in the study selection. Studies which considered colon cancer and rectal cancer together were dismissed. We also excluded studies which did not discriminate between primary malignant tumours and recurrent ones, radiochemotherapy-treated cancer and cancer related to IBD. In addition we did not consider works focused on specific types of rectal cancer (i.e., sessile polyps, pedunculate polyps) or particular kinds of LNM (i.e., micrometastasis, lateral lymph node). Some of the findings that emerge from the present work call for a number of considerations: it is noteworthy that the female gender appears to be related to an increased risk of LNM (pooled OR with fixed-effect method equal to 0.66; *P*-value 0.019), but this finding was not significant using random-effect method, especially because it is difficult to identify heterogeneity in a so small number of studies. Nevertheless an explanation to this trend was attempted. Hormone receptors expressed on colo-rectal cancer (CRC) cells could play an important role in this context. The presence of estrogen receptors (ERs) has been clearly demonstrated in 70% of CRCs \[[@B16]\]. Moreover, a number of other authors have shown that tamoxifen has a potent inhibitory action on metastatic cells from colo-rectal cancer in murine models \[[@B17]\]. It must be underlined that in our analysis this association is close to the inferior limits of the statistical significance and hampered by the fact that only two studies analyse this aspect (I2 : 55%). New studies are needed to support this interesting finding. As previously shown in other studies on colo-rectal cancer, our data confirm that the risk of lymph node metastasis is increased in moderate or not differentiated tumours (grading 2-3) (pooled OR 0.40; *P*-value 0.000) \[[@B36]\], invasion of the muscular layer of the intestinal wall (pooled OR 0.44; *P*-value 0.000) \[[@B37]\], lymphatic invasion (pooled OR 0.26; *P*-value 0.000) \[[@B23], [@B38]\], and vascular invasion (pooled OR 0.46; *P*-value 0.000) \[[@B39], [@B40]\]. The adequate number of studies included and the absence of heterogeneity between them mean that these outcomes have a high statistical significance. Other tumour variables such as tumour size, tumour budding, perineural invasion, depth of tumour invasion within the submucosal layer (Sm 1, 2, and 3), and distance from the dentate line were investigated either only in a single study or using heterogeneous parameters, thus preventing a reliable meta-analysis. The following clinical-pathological features are worthy of further consideration.

4.1. Tumour Size {#sec4.1}
----------------

Tumour size can be an indicator of technical difficulty and can prevent the risk of postoperative complications (stenosis, leakage) and local recurrence due to the possibility of excision margin involvement. A tumour size of 3 cm involving \<40% of the rectal circumference has been taken as the upper limit by many authors. Some authors reported a trend toward higher local recurrence rates with tumour diameters \>3 cm, although without a statistically significant difference \[[@B41]\]. Blumberg et al. \[[@B14]\] studied 3318 patients with intramural cancers (T1 or T2). Tumours classified as large (\>3 cm) did not have an increased risk of lymph node metastasis when compared with small lesions (≤3 cm) with a *P*-value of 0.77. Kobayashi et al. \[[@B5]\] analysed 567 consecutive patients who underwent radical resection for T1--T2 lower rectal cancer. The authors divided the lesions into two groups, smaller or equivalent to 2 cm and larger than 2 cm, and did not find any statically significant difference in the incidence of lymph node metastasis between the two groups. Brodsky et al. \[[@B15]\] investigated 154 patients with pT1 or pT2 rectal cancer treated by radical resection. The authors found that increasing tumour diameter did not correlate with increasing incidence of LNM.

4.2. Distance from the Anal Verge {#sec4.2}
---------------------------------

Distance from anal verge is of critical value not only for an increased risk of lymphatic spread but also because it can determine the surgical approach chosen. Steup et al. \[[@B42]\] studied 605 patients with rectal cancer. Of these, 44 were T1, 132 were T2, and 429 had a more invasive cancer. Steup did not study only patients with early rectal cancer, but from the analysis of the authors\' findings it can be concluded that lesions of the lower third of the rectum have a higher incidence of lymph node metastasis. Nascimbeni et al. \[[@B38]\] identified an analysis cohort of 353 patients. Only patients with sessile T1 adenocarcinoma who underwent a colo-rectal resection were included in the study. The study results show that of 29 lesions in the lower third of the rectum, 10 (34%) had lymph node metastasis; of the 54 patients with cancer in the middle third of the rectum, 6 (11%) had lymph node invasion; finally, of the 36 patients with a tumour in the upper third of the rectum, 3 (8%) had lymph node metastasis. The findings of the multivariate analysis (*P* 0.007) highlight that lesions of the lower third of the rectum have a higher risk of lymph node metastasis than the other rectal regions.

4.3. Sm 1-2-3 {#sec4.3}
-------------

Some authors have analysed the relationship between the depth of invasion and the risk of lymph node metastasis according to Kudo\'s classification \[[@B43]\]. Nascimbeni et al. \[[@B38]\] studied histological specimens retrospectively from 353 patients undergoing colo-rectal resection for sessile T1 lesions. The authors reported a 1--3% risk of lymph node metastasis in Sm1 cancer and 8% in Sm2, while for Sm3 lesions the risk was 23%. Thus they concluded that the invasion of the lower third of the submucosa (classified as "Sm3") is a significant predictor of lymph node metastasis. Rasheed et al. \[[@B13]\] analysed 313 patients with T1 and T2 colo-rectal cancer operated by radical resection with TME. The statistical analysis of this study failed to demonstrate a strong association between depth of tumour invasion and the presence of lymph node metastasis in T1 colo-rectal cancer. The author\'s conclusion however is that if depth of mucosal invasion is to be used as a guide to determine the likelihood of successful local curative surgery for rectal cancer, it must be used together with other prognostic indicators of success such as degree of tumour differentiation and evidence of vascular invasion. When the T1 tumour is superficial (Sm1 or Sm2) but one of these additional risk factors is present, the clinician should consider either more aggressive curative resectional surgery or the use of adjuvant oncological treatment in the form of chemotherapy or chemoradiotherapy.

4.4. Perineural Invasion {#sec4.4}
------------------------

Perineural invasion refers to cancer spreading to the space surrounding a nerve. Perineural invasion is a well-known risk factor for nodal involvement in different types of tumours. With regard to colo-rectal cancer, Huh et al. \[[@B23]\] identified perineural invasion as the only significant independent factor predicting both overall and disease-free survival in patients with T1 and T2 colo-rectal cancer (*P* = 0.004). They found that although the incidence of perineural invasion was only 4.5%, the odds ratio of lymph node metastasis increased 10-fold for patients who had perineural invasion, as compared with those who did not. In their study, Saclarides et al. \[[@B19]\] found the same relationship between perineural invasion and nodal involvement as Huh.

4.5. Tumour Budding {#sec4.5}
-------------------

Tumor budding is defined as an isolated cell or a small cluster of up to four carcinoma cells in the invasive front, and the presence of more than 10 budding foci when viewed at a 200-fold magnification is considered positive for tumour budding, based on the data from Ueno et al. \[[@B46]\].

Several reports have suggested that tumour budding is probably the first histological event of invasion and metastasis in CRC. Okuyama et al. \[[@B44]\] reported that budding is a risk factor for lymph node metastasis in colo-rectal cancer, especially in the early stage. Homma et al. \[[@B45]\] examined tumour budding as a quantitative parameter to ascertain whether it could be used as an index for estimating the aggressiveness of early rectal cancers. He has found that a high tumour budding grade is a risk factor for lateral lymph node (LLN) metastasis and could be used as a criterion for LLN dissection. Goldstein and Hart \[[@B16]\] analysed 73 abdominal resection specimens and found a correlation between lymph node metastasis and tumour budding, even though with low statistical significance (*P*-value \<0.01). He suggests that pathologists should scrutinise the leading edge of locally excised cancer for foci of microacinar nest tumour budding or undifferentiated cells, because a patient is at increased risk of lymph node metastasis if any of these features is extensively present.

The results of the above studies, although not yet proven to be statistically significant, serve as an incentive to intensify the search of risk factors for lymph node invasion and the development of mathematical models to determine how much the risk increases in the case of coexistence of two or more of these features. Further studies are necessary on large casistics of ESRC with multivariate analysis of all the above-mentioned clinical-pathological tumour features associated with lymph node invasion, in order to quantify the weight of each of these risk factors. A scoring system based on studies could be a good instrument to stratify patients into different risk classes and direct them towards the most appropriate treatment.

5. Conclusions {#sec5}
==============

Only the absence of each of the variables identified in this study (high-grade tumours, invasion of the muscular layer of the intestinal wall, lymphatic and vascular invasion) can justify LET as a radical treatment for rectal cancer.If one of these risk factors is present, the risk of lymph node metastasis N+ is real and the decision whether to refer the patient to an RS or an LE/MET in addition to radio-and/or chemotherapy should be taken in a multidisciplinary context, also taking into consideration patient characteristics and expectations.A number of other tumour features are worthy of further investigation as potential risk factors for nodal involvement: gender, tumour size, tumour budding, distance from the dentate line, perineural invasion, and depth of submucosal invasion (Sm1, 2, and 3).Further work is needed on large casistics of ESRC with multivariate analysis of all the above-mentioned risk factors in order to evaluate the weight of each of them and set up a scoring system to quantify the real risk of nodal involvement, stratify patients, and direct them to the most appropriate treatment.
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###### 

Inclusion and exclusion criteria for study selection.

  Inclusion criteria                                                                                                      
  ----------------------------------------------------------------------------------------------------------------------- --
  Exclusion criteria                                                                                                      
   (i) Rectal cancer T3 or T4                                                                                             
   (ii) Rectal cancer in IBD                                                                                              
   (iii) Casistics of colon and rectal cancer together                                                                    
   (iv) Neoadjuvant therapies (radio/chemo)                                                                               
   (v) Radical resection of rectal cancer following LE/TEM                                                                
   (vi) Radical resection of recurrent rectal cancer                                                                      
   (vii) Presence of distant metastasis (M1)                                                                              
   (viii) Studies focused only on selected histotypes (depressed polyps, pedunculated polyps, etc.)                       
   (ix) Studies focused only on selected lymph node involvements (micrometastasis, lateral lymph node metastasis, etc.)   
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